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1
SENSE AMPLIFIER FOR STATIC RANDOM
ACCESS MEMORY WITH A PAIR OF
COMPLEMENTARY DATA LINES ISOLATED
FROM A CORRESPONDING PAIR OF
COMPLEMENTARY BIT LINES

BACKGROUND

The present invention relates generally to integrated circuit
(IC) memory devices, and more specifically, to a sense ampli-
fier for a static random access memory (SRAM) device.

Contemporary memory access circuits rely on differential
sense amplifiers to read small signals generated by a selected
memory cell from a memory device such as an SRAM device.
These sense amplifiers typically use transistors configured in
across-coupled fashion to amplify a small voltage differential
created by the cell. This cross-coupled configuration of the
transistors is used to tolerate variation in device threshold by
relying on device matching of the transistors as opposed to the
absolute threshold voltages of the transistors. As semiconduc-
tor device technology continues to evolve towards providing
smaller device sizes and more devices per IC (and thus
smaller voltages utilized within the circuits within the IC),
there is an increase in local device mismatch caused by ran-
dom variation, including random dopant fluctuation and line
edge roughness. One approach that has been used to reduce
mismatch between transistors is by increasing the area of the
cross-coupled devices. However, an increase in the area of the
cross-coupled devices increases switching current and leak-
age. Higher leakage also degrades performance of the
SRAM.

SUMMARY

In one embodiment, there is a circuit that comprises a first
pass gate transistor driven by a bit line true associated with a
static random access memory (SRAM) cell. The first pass
gate transistor has a gate, a drain and a source. A second pass
gate transistor is driven by a bit line complement associated
with the SRAM cell. The first pass gate transistor has a gate,
adrain and a source. A first pull down transistor is coupled to
the first pass gate transistor. The first pull down transistor has
a gate, a drain and a source. A second pull down transistor is
coupled to the second pass gate transistor. The second pull
down transistor has a gate, a drain and a source. A data line
trueis coupled to a node coupling the first pull down transistor
with the first pass gate transistor, wherein the data line true is
isolated from the bit line true by the first pass gate transistor.
A data line complement is coupled to a node coupling the
second pull down transistor with the second pass gate tran-
sistor, wherein the data line complement is isolated from the
bit line complement by the second pass gate transistor.

In a second embodiment, there is a sense amplifier for a
static random access memory (SRAM) cell. In this embodi-
ment, the sense amplifier comprises a first pass gate transistor
driven by a bit line true associated with the SRAM cell. A
second pass gate transistor is driven by a bit line complement
associated with the SRAM cell. A first pull down transistor is
coupled to the first pass gate transistor and a second pull down
transistor is coupled to the second pass gate transistor. A data
line true is coupled to a node coupling the first pull down
transistor with the first pass gate transistor, wherein the data
line true is isolated from the bit line true by the first pass gate
transistor. A data line complement is coupled to a node cou-
pling the second pull down transistor with the second pass
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gate transistor, wherein the data line complement is isolated
from the bit line complement by the second pass gate transis-
tor.

In a third embodiment, there is a memory circuit. In this
embodiment, the memory circuit comprises a memory array
including a plurality of memory cells. At least one sense
amplifier is connected to the memory array for selectively
reading a logic state of at least one of the memory cells in the
memory array. The at least one sense amplifier comprises a
pair of inverter devices each controlled oppositely by a pair of
complementary bit lines associated with the at least one of the
memory cells in the memory array. The at least one sense
amplifier further comprises a pair of complementary data
lines each corresponding with one of the complementary bit
lines. Each of the complementary data lines is coupled to one
of the pair of inverter devices, wherein each of the comple-
mentary data lines is isolated from the corresponding bit line.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic of a memory circuit according to
one embodiment of the present invention;

FIG. 2 shows a more detailed schematic view of a sense
amplifier depicted in FIG. 1 according to one embodiment of
the present invention;

FIG. 3 shows a more detailed schematic view of a differ-
ential to single ended signal (D2S) converter depicted in FIG.
1 according to one embodiment of the present invention;

FIG. 4 is a circuit layout showing the sense amplifier
depicted in FIG. 1 and the D2S converter depicted in FIG. 3
according to one embodiment of the present invention; and

FIG. 5 shows a simulation of the operation of the sense
amplifier depicted in FIG. 1 and the D2S converter depicted in
FIG. 3 according to one embodiment of the present invention.

DETAILED DESCRIPTION

Referring to FIG. 1, there is a schematic of a memory
circuit 100 according to one embodiment of the present
invention. In particular, FIG. 1 shows a portion of a memory
array 105 formed from memory cells 110 in which bits of data
are stored. For ease of illustration, FIG. 1 shows only one
column 115 of memory cells 110, however, memory array
105 would have a multiple of memory cells 110 arranged in
each of its rows and columns. In one embodiment, memory
array 105 can take the form of a static random access memory
(SRAM). Although the description that follows for memory
array 105 is directed to an SRAM, those skilled in the art will
recognize that embodiments described below are also suited
for use with other memory devices such as a dynamic RAM
(DRAM).

Each SRAM cell 110 is capable of storing a binary voltage
value that represents a logical data bit (e.g., “0” or “1”). One
existing configuration for SRAM cell 110 can include a bal-
anced pair of cross-coupled devices such as inverters that
store a single data bit. The inverters act as a latch that stores
the data bit therein, so long as power is supplied to memory
array 105. A pair of pass gates (a balanced pair of field-effect
transistors (FETs)) selectively connects the complementary
outputs of the cross-coupled inverters to a corresponding
complementary or differential pair of bit lines (i.e., bit line
true (BT) and bit line complementary (BC)) that are used to
write or read from cell 110 upon being put in a particular logic
state. A word line (WLO . . . WLn) connected to the gates of
the pass gate FETs selects the cell 110 to the corresponding
complementary pair of bit lines for performing an operation
that may include a read or a write operation.
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Asan example, FIG. 1 shows that cell 110 can take the form
of a six-transistor (6T) cell, wherein the pair of access tran-
sistors or pass gates (when activated by word line (WLO . . .
WLn) selectively couples the pair of cross-coupled inverters
to the pair of complementary bit lines (i.e., a bit line true BT
and bit line complementary BC). Those skilled in the art will
appreciate that other SRAM cell designs using a different
number of transistors (e.g., 47T, 8T, etc.) can be used for cell
110.

FIG. 1 further shows that memory array 105 further
includes a cell precharge and equalization device 120 formed
from P-type field effect transistors (PFET) T1, T2 and T3 and
controlled by signal PRE_N. PFET T1 and PFET T2 form the
precharge aspect of device 120, while PFET T3 forms the
equalization aspect. Precharge devices PFET T1 and PFET
T2 are used to charge bit line true BT and bit line comple-
mentary BC to a precharged level or a “ready” state to read
data after initially being in a “stand-by” state waiting for a
command. In one embodiment, precharge devices PFET T1
and PFET T2 charge bit line true BT and bit line complemen-
tary BC to “high”. In another embodiment, precharge devices
PFETT1 and PFET T2 can charge bit line true BT and bit line
complementary BC to another level (e.g., between high and
“low”). During the precharge operation, equalization device
PFET T3 equalizes bit line true BT and bit line complemen-
tary BC in order to remove or cancel any offset that may exist
between these bit lines.

After being precharged, the inverters of cell 110 are ready
to read data along bit line true BT and bit line complementary
BC. In particular, after being precharged, bit line true BT and
bit line complementary BC are released from the voltage
reference. When bit line true BT and bit line complementary
BC are released from the precharged voltage level, then the
inverters of cell 110 are connected to one of the bit lines upon
a word line WL activating that particular cell. Once con-
nected, there is a charge-sharing that occurs with the storage
cell 110 and one of bit line true BT and bit line complemen-
tary BC via capacitors (not shown). A result of this charge
sharing is that the charge in cell 110 and the charge in one of
bit line true BT and bit line complementary BC will change,
leaving a voltage differential with the other bit line not taking
part in the charge sharing.

Memory array 105 further includes a pair of cross-coupled
pull-ups 125 formed from PFETs T4 and T5 that keep the one
bit line high while the other goes low. This facilitates a clear
differential between bit line true BT and bit line complemen-
tary BC. As shown in FIG. 1, PFETs T4 and TS5 are cross-
coupled such that the gate of PFET T4 is coupled to bit line
complementary BC, while the gate of PFET TS5 is coupled to
bit line true BT. In operation, if bit line true BT goes low then
PFET TS turns on, pulling bit line complementary BC high.
Even though bit line complementary BC is already high
because of the precharging, it is kept high by turning on PFET
T5 and will not drift down due to the effects of noise.

Although not illustrated in FIG. 1, those skilled in the art
will appreciate that memory array 105 would have N-type
FETs (NFETs) coupled to bit line true BT and bit line comple-
mentary BC for facilitating writing operations. In addition,
there would be other devices in memory array 105 to facilitate
writing such as a write driver. For clarity in describing the
various embodiments of the present invention these devices
are not shown.

Memory array 105 further includes a pair of bit switch
devices 130 formed from PFETs T6 and T7 that are used to
select the particular column that cell 110 occupies in memory
array 105. As shown in FIG. 1, column 115 is denoted as <0>,
while another column 135 in a slice 140 of memory array 105
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is denoted as <1>. Note that for clarity, column 135 is empty
but it would be a mirror of column 115. In operation, columns
115 and 135 denoted by <0> and <1>, respectively, would be
selected by the Col Select signal. In particular, the Col Select
signal selects bit switch devices 130 formed from PFETs T6
and T7 in order to connect bit line true BT and bit line
complementary BC to nodes containing corresponding bit
lines, bit line true BT1 and bit line complementary BC1,
respectively.

Bit line true BT1 and bit line complementary BC1 connect
to sense amplifier 145 which amplifies the voltage differential
on the bit lines. As shown in FIG. 1, sense amplifier 145 is
controlled by a Sense_En signal. In operation, when enough
of a signal has been developed on line true BT and bit line
complementary BC, sense amplifier 145 is turned on by the
Sense_En signal. The signal on line true BT and bit line
complementary BC is then transferred to bit line true BT1 and
bit line complementary BC1, and supplied to sense amplifier
145 for amplification. Sense amplifier 145 outputs the ampli-
fied voltage differential along a pair of complementary data
lines (data line true DLT and data line complementary DLC)
each corresponding respectively with one of the complemen-
tary bit lines (line true BT1 and bit line complementary BC1).
Details of sense amplifier 145 are described below with
respect to FIG. 2.

A differential to single ended signal (D2S) converter 150,
controlled by Sense Precharge_N, receives the amplified volt-
age differential from sense amplifier 145 from data line true
DLT and data line complementary DLC. D28 converter 150
converts the voltage differential to a single ended signal
denoted in FIG. 1 as Q<0>. In one embodiment, when data
line true DLT is high and data line complementary DLC is
low, D2S converter 150 will generate a single Q<0> that is
high corresponding to DLT being high. Conversely, when
data line true DLT is low and data line complementary DL.C
is high, D2S converter 150 will generate a single Q<0> that is
low corresponding to DLT being low. Basically, the output of
single Q<0> is a function of the logical state of the input at
data line true DLT and data line complement DL.C. Details of
D2S converter 150 are described below with respect to FIG. 3.

FIG. 2 shows a more detailed schematic view of sense
amplifier 145. As shown in FIG. 2, sense amplifier 145
includes a first pass gate transistor PGL (an N-type FET
(NFET)) driven by bit line true BT1 and a second pass gate
transistor PGR (an NFET) driven by a bit line complement
BC1. In particular, bit line true BT1 is coupled to a gate of first
pass gate transistor PGL and bit line complement BC1 is
coupled to a gate of second pass gate transistor PGR. Sense
amplifier 145 further includes a first pull down transistor PDL
(an NFET) that is coupled to the first pass gate transistor PGL
and a second pull down transistor PDR (an NFET) that is
coupledto the second pass gate transistor PGR. A drain of first
pass gate transistor PGL and a drain of second pass gate
transistor PGR are coupled to a supply voltage VDD. Data
line true DLT is coupled to a node that couples the first pull
down transistor PDL with a source of first pass gate transistor
PGL, and data line complement DLC is coupled to a node that
couples the second pull down transistor PDR with a source of
second pass gate transistor PGR. In this manner, data line true
DLT is isolated from the bit line true BT1 by the first pass gate
transistor PGL, while data line complement DLC is isolated
from bit line complement BC1 by the second pass gate tran-
sistor PGR. FIG. 2 further shows that a gate of first pull down
transistor PDL is driven by bit line complement BC1 and a
gate of second pull down transistor PDR is driven by bit line
true BT1. In this manner, a cross-coupled configuration is
formed from driving the gate of first pull down transistor PDL
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with bit line complement BC1 and driving the gate of second
pull down transistor PDR with bit line true BT1.

In one embodiment, first pass gate transistor PGL and first
pull down transistor PDL, and second pass gate transistor
PGR and second pull down transistor PDR form a pair of
inverter devices (PGL and PDL; and PGR and PDR) each
controlled oppositely by a pair of complementary bit lines (bit
line true BT1 and bit line complement BC1). In order to
reduce mismatches, the various embodiments of the present
invention may use floating body devices for the pair of
inverter devices (PGL and PDL; and PGR and PDR).
Although a floating body device can suffer from history
effects, the implementation of the various embodiments of
the present invention provides isolation of data line true DLT
and data line complement DL.C from bit line true BT1 and bit
line complement BC1, respectively, to provide gains from
common mode issues, and facilitate a yield of memories
having less mismatch. Furthermore, the isolation of bit line
true BT and bit line complement BC, as well as bit line true
BT1 and bit line complement BC1, from downstream circuits
reduces noise effects due to leakage paths, giving a good
signal on the bit lines. It is further noted that this isolation also
reduces the load on the bit lines.

Referring back to FIG. 2, sense amplifier 145 further
includes an equalization device formed from PFET transistor
PEQ that serves to equalize bit line true BT1 and bit line
complement BC1 into a steady state. In one embodiment,
equalization device PEQ at the direction of the Sense_En
signal can equalize bit line true BT1 and bit line complement
BC1 upon completing a read operation when bit switch 130
(FIGS. 1—T6 and T7) disconnects the bit lines. Equalizing
bit line true BT1 and bit line complement BC1 upon complet-
ing a read operation in combination with any precharge of bit
lines BT and BC ensures that the lines are at a suitable oper-
ating point with no offset therebetween (equalization device
PEQ is off during the read cycle). Otherwise, improper equal-
ization of bit line true BT1 and bit line complement BC1 and
precharging of bit lines BT and BC may lead to mismatch
issues when a read cycle starts.

Sense amplifier 145 further includes a set device formed
from NFET PEN that serves to set first pull down transistor
PDL and second pull down transistor PDR to operate in an
amplification state. Set device PEN is controlled by a SET
signal during a read operation. In this manner, when the SET
signal turns on set device PEN, only one of first pull down
transistor PDL and second pull down transistor PDR, which
are being driven by bit line complement BC1 and bit line true
BT1, respectively, will be on. In particular, when bit line true
BT1 goes low and bit line complement BC1 goes high during
a read operation, second pull down transistor PDR goes off
while first pull down transistor PDL turns on. This enables
first pull down transistor PDL to pull down data line true DLT
to correspond with bit line true BT1 going low, and second
pull down transistor PDR to keep data line complement DL.C
high to correspond with bit line complement BC1 being high.

Inthis scenario, second pass gate transistor PGR keeps data
line complement DLC clamped to not go below a certain
voltage level. Thus, when SET signal turns on SET device
PEN, any common mode signal that will arise in the inverter
devices is obviated due to second pass gate transistor PGR
keeping data line complement DL.C from going to low during
this common mode. Essentially, first pass gate transistor PGL
and second pass gate transistor PGR weaken first pull down
transistor PDL and second pull down transistor PDR, respec-
tively, in order to maintain data line complement DL.C high
and data line true DLT low. In this manner, data line comple-
ment DLC and data line true DLT are isolated from bit line
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complement BC1 and bit line true BT1. This can aid in
obviating common mode issues by allowing one of the data
lines to not go below a certain voltage level during develop-
ment of a signal.

FIG. 3 shows a more detailed schematic view of D2S
converter 150 depicted in FIG. 1 according to one embodi-
ment of the present invention. As shown in FIG. 3, data line
precharge device 155 controlled by Sense Precharge N sig-
nal serves to precharge and equalize data line true DLT and
data line complement DLC. Data line precharge device 155
includes PFETs T8, T9, and T10 connected in series with their
gates driven by the Sense Precharge_N signal, and the drains
of T8 and T10 coupled along a node that connect to data line
complement DL.C and data line true DLT, respectively.

Generally, the precharge and equalization of data line true
DLT and data line complement DLC occurs before a read
cycle is initiated. Once a read cycle is initiated, data line true
DLT and data line complement DLC is released from the
precharge and equalization operation. Once a word line turns
on a particular cell, the complementary pair of bit lines will
start to develop a signal in the manner described above (i.e.,
one of the bit lines (e.g., bit line true) goes low while the other
bit line (i.e., bit line complement) will stay high). At an
appropriate time (e.g., when enough of a signal has developed
on the bit lines), sense amplifier 145 will turn on and amplify
the signal on the bit lines, resulting in larger differential
placed on data line true DLT and data line complement DL.C.

A pair of cross-coupled transistors 160 is coupled to nodes
connecting with data line true DLT and data line complement
DLC. As shown in FIG. 3, pair of cross-coupled transistors
160 includes PFETs T11 and T12 with their gates cross-
coupled with the drains of the opposing transistors. In par-
ticular, the drain of PFET T12 is coupled to the gate of PFET
T11, while the drain of PFET T11 is coupled to the gate of
PFET T12. Data line complement DL.C and data line true
DLT are connected along the nodes that couple the drains of
PFETs T11 and T12, respectively. The sources of PFETs T11
and T12 connect to supply voltage VDD. Generally, cross-
coupled transistors 160 on data line complement DL.C and
data line true DLT aid in keeping the high-side of the data
lines high, turning on only after initial amplification. In addi-
tion, cross-coupled transistors 160 work in conjunction with
data line precharge device 155 to facilitate the precharging of
data line complement DLC and data line true DLT.

Although dataline precharge device 155 and cross-coupled
transistors 160 are shown as part of D2S converter 150, these
devices could equally be shown in FIG. 2 as part of sense
amplifier 145. In this manner, data line precharge device 155
and cross-coupled transistors 160 would be configured in the
sense amplifier 145 of FIG. 2.

Note that in FIG. 3, data line complement DLC and data
line true DLT are disclosed on a side that is opposite the sides
of'the data line pairs illustrated in FIGS. 1 and 2. This differ-
ence is for clarity in explaining the various embodiments of
the present invention, and those skilled in the art will appre-
ciate that data line complement DL.C and data line true DLT
can be configured on either side.

Referring back to FIG. 3, D2S converter 150 can be imple-
mented to include PFETs T13 and T14 and NFETs T15 and
T16 (collectively 157). In this manner, when data lines are
amplified such that data complement DLC is in a low state
and data line true DLT is in a high state, PFET T13 will turn
onand PFET T14 will be off. PFET T13 being on results in the
RGBLT signal (which is outputted as Q<0>) being pulled
high. PFET T14 being off results in NFET T16 being pulled
low because of the diode connection formed by connecting
the gate of NFET T16 to its drain. Since NFET T15 is fed by
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the diode-connected NFET T16, it too will be off, facilitating
the RGBLT signal being pulled high. When data complement
DLC is in a high state and data line true DLT is in a low state,
PFET T13 will turn off and PFET T14 will be on. PFET T13
being off results in the RGBLT signal being pulled low. PFET
T14 being on results in NFET T16 being pulled high because
of the diode connection formed by connecting the gate of
NFET T16 to its drain. Since NFET T15 is fed by the diode-
connected NFET T16, it too will be on, facilitating the
RGBLT signal being pulled low.

As noted above, the output Q<0> generated from D2S
converter 150 is a function of the polarity or state on data line
true DLT and data complement DLC. For example, if data
complement DLC is low and data line true DLT is high, then
the RGBLT signal is high. On the other hand, if data comple-
ment DLC is high and data line true DLT is low, then the
RGBLT signal is low.

D2S converter 150 shown in FIG. 3 is only an example of
one possible D2S converter. Those skilled in the art will
appreciate that there are other designs of a D2S converter that
could be used with sense amplifier 145. Thus, D2S converter
150 is not meant to limit the scope of the various embodi-
ments described herein. For example, FIG. 4 shows a circuit
layout 400 showing devices that form sense amplifier 145
with a D2S converter 165 that differs from the one depicted in
FIG. 3.InFIG. 4, D2S converter 165 includes PFETs T17 and
T18and NFETs T19, T20 and T21. D2S converter 165 in F1G.
4 operates differently than the D28 converter depicted in FIG.
3, however, both converters will perform the same function.
That is, both D2S converters will generate an output that is a
function of function of the polarity or state on data line true
DLT and data complement DLC. For example, if data
complement DLC is low and data line true DLT is high, then
the RGBLT signal is high. On the other hand, if data comple-
ment DLC is high and data line true DLT is low, then the
RGBLT signal is low.

FIG. 5 shows a simulation 500 of the operation of sense
amplifier 145 depicted in FIG. 1 and a D2S converter (150 or
165) depicted in FIGS. 3 and 4 according to one embodiment
of the present invention. In simulation 500, line 505 repre-
sents bit line true BT1 and bit line complement BC1 prior to
charge sharing taking place between the bit lines. Upon
charge sharing, bit line true BT1 stays high as represented by
line 510 while bit line complement BC1 goes low as repre-
sented by line 515. Note that bit line true BT1 decreases a
little due to leakage. When the SET signal as represented by
line 520 turns on (goes high), sense amplifier 145 turns on
causing it to amplify the voltage differential between bit line
true BT1 and bit line complement BC1. Note that during this
amplification that bit line true BT1 dips a little due to common
mode noise, however, the use of the devices in sense amplifier
145 keeps this bit line from going much lower. Furthermore,
the ratio of the first pass gate transistor PGL to the series
combination of the second pull down transistor PDL. and PEN
transistor is such that there can be sufficient amplification at
the sense amp output. In one embodiment, it is best to main-
tain the ratio such that when the SET signal turns on, the high
side of data line complement DL.C and data line true DLT dips
very little due to common mode

As shown in FIG. 5, before charge sharing takes place
between bit line true BT1 and bit line complement BC1, the
Sense_En signal as represented by line 525 is initiated. This
causes the D2S converter to turn on and precharge and equal-
ize data line true DLT and data complement DLC as repre-
sented by lines 530 and 535, respectively. During the ampli-
fication, data line true DLT stays high while data complement
DLC goes low. Generally, one of the data lines (DL.C or DLT)
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is maintained at a relatively higher level because the same
discharging bit line helps to weaken the pull down transistor
(PDL or PDR) of the other side. Essentially, this results in a
push-pull or OFF-ON relationship where there is a push to
turn OFF a pass gate transistor (PGL and PGR) and pull down
transistor (PDL and PDR) pair (one inverter of the sense
amplifier), and a pull to turn ON the complement pass gate
transistor/pull down transistor pair (the other inverter of the
sense amplifier). This push-pull feature without a direct out-
put/input feedback connection gives sense amplifier 145 a
robustness against mismatch effects. This robustness allows
sense amplifier 145 to deploy floating body devices as
opposed to body contacted devices which are typically used
with conventional amplifiers.

Once the amplification happens, the <Q> output signal as
represented by line 540 starts to target the RGBLT signal as
represented by line 545, and generate a single ended signal
which is provided from the D2S converter. Note that the
RGBLT signal goes high when data line true DLT and data
complement DLC are amplified. Once the D2S converter
generates the <Q> output signal, then the read cycle starts to
finish up causing data line true DLT and data complement
DLC and bit line true BT1 and bit line complement BC1 to
converge where they are subsequently equalized to remove
any offset. Note that sense amplifier 145 turns off as the SET
signal transition to low.

While the disclosure has been particularly shown and
described in conjunction with a preferred embodiment
thereof, it will be appreciated that variations and modifica-
tions will occur to those skilled in the art. Therefore, it is to be
understood that the appended claims are intended to cover all
such modifications and changes as fall within the true spirit of
the invention.

What is claimed is:

1. A circuit, comprising:

afirst pass gate transistor driven by a bit line true associated
with a static random access memory (SRAM) cell, the
first pass gate transistor having a gate, a drain and a
source;

a second pass gate transistor driven by a bit line comple-
ment associated with the SRAM cell, the second pass
gate transistor having a gate, a drain and a source;

a first pull down transistor coupled to the first pass gate
transistor, the first pull down transistor having a gate, a
drain and a source;

a second pull down transistor coupled to the second pass
gate transistor, the second pull down transistor having a
gate, a drain and a source;

a data line true coupled to a first node coupling the first pull
down transistor with the first pass gate transistor,
wherein the data line true is isolated from the bit line true
by the first pass gate transistor;

a data line complement coupled to a second node coupling
the second pull down transistor with the second pass gate
transistor, wherein the data line complement is isolated
from the bit line complement by the second pass gate
transistor; and

a differential to single ended signal converter that receives
data from the data line true and the data line complement
as input and generates a single output therefrom.

2. The circuit according to claim 1, wherein the gate of the
first pass gate transistor is coupled to the bit line true and the
gate of the second pass gate transistor is coupled to the bit line
complement.



US 9,047,980 B2

9

3. The circuit according to claim 1, wherein the source of
the first pass gate transistor is coupled to the data line true and
the source of the second pass gate transistor is coupled to the
data line complement.

4. The circuit according to claim 1, wherein the first pass
gate transistor, the second pass gate transistor, the first pull
down transistor and the second pull down transistor are
formed from floating body devices.

5. The circuit according to claim 1, wherein the gate of the
first pull down transistor is driven by the bit line complement
and the gate of the second pull down transistor is driven by the
bit line true.

6. The circuit according to claim 5, wherein a cross-
coupled configuration is formed from driving the gate of the
first pull down transistor with the bit line complement and
driving the gate of the second pull down transistor with the bit
line true.

7. The circuit according to claim 1, wherein the first pass
gate transistor and the second pass gate transistor are each
configured to function as a clamp that keeps one of the data
line true and the data line complement in a high logic state
during an amplification of the bit line true and the bit line
complement.

8. The circuit according to claim 1, further comprising a set
device to set the first pull down transistor and the second pull
down transistor to operate in an amplification state.

9. The circuit according to claim 1, further comprising an
equalization device to equalize the bit line true and the bit line
complement and the data line true and the data line comple-
ment.

10. The circuit according to claim 1, further comprising a
precharge device to precharge the bit line true and the bit line
complement and the data line true and the data line comple-
ment.

11. A sense amplifier for a static random access memory
(SRAM) cell, comprising:

afirst pass gate transistor driven by a bit line true associated
with the SRAM cell;

a second pass gate transistor driven by a bit line comple-
ment associated with the SRAM cell;

a first pull down transistor coupled to the first pass gate
transistor;

a second pull down transistor coupled to the second pass
gate transistor;

adata line true coupled to a first node coupling the first pull
down transistor with the first pass gate transistor,
wherein the data line true is isolated from the bit line true
by the first pass gate transistor;

a data line complement coupled to a second node coupling
the second pull down transistor with the second pass gate
transistor, wherein the data line complement is isolated
from the bit line complement by the second pass gate
transistor; and

a differential to single ended signal converter that receives
data from the data line true and the data line complement
as input and generates a single output therefrom.

12. The sense amplifier according to claim 11, wherein a
gate of the first pass gate transistor is coupled to the bit line
true and a gate of the second pass gate transistor is coupled to
the bit line complement.

13. The sense amplifier according to claim 11, wherein a
source of the first pass gate transistor is coupled to the data
line true and a source of the second pass gate transistor is
coupled to the data line complement.
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14. The sense amplifier according to claim 11, wherein a
drain of the first pass gate transistor and the drain of the
second pass gate transistor are coupled to a supply voltage.

15. The sense amplifier according to claim 11, wherein a
gate of the first pull down transistor is driven by the bit line
complement and a gate of the second pull down transistor is
driven by the bit line true.

16. The sense amplifier according to claim 15, wherein a
cross-coupled configuration is formed from driving the gate
of' the first pull down transistor with the bit line complement
and driving the gate of the second pull down transistor with
the bit line true.

17. The sense amplifier according to claim 11, further
comprising a set device to set the first pull down transistor and
the second pull down transistor to operate in an amplification
state.

18. The sense amplifier according to claim 11, further
comprising an equalization device to equalize the bit line true
and the bit line complement.

19. The sense amplifier according to claim 11, further
comprising a precharge device to precharge the bit line true
and the bit line complement.

20. The sense amplifier according to claim 11, further
comprising a pair of cross-coupled P-type field effect transis-
tors (PFETs) each coupled to both the data line true and the
data line complement.

21. A memory circuit, comprising:

a memory array including a plurality of memory cells;

at least one sense amplifier connected to the memory array

for selectively reading a logic state of at least one of the

memory cells in the memory array, the at least one sense

amplifier comprising:

apair of inverter devices each controlled oppositely by a
pair of complementary bit lines associated with the at
least one of the memory cells in the memory array;
and

a pair of complementary data lines each corresponding
with one of the complementary bit lines, each of the
complementary data lines coupled to one of the pair of
inverter devices, wherein each of the complementary
data lines is isolated from the corresponding bit line;
and

at least one differential to single ended signal converter

connected to the at least one sense amplifier that receives
data from the pair of complementary data lines as input
and generates a single output therefrom.

22. The memory circuit according to claim 21, further
comprising:

at least one pair of bit switch devices for connecting the

pair of complementary bit lines associated with the at
least one of the memory cells in the memory array with
the at least one sense amplifier.

23. The memory circuit according to claim 21, wherein
each inverter device comprises:

a pass gate transistor driven by one of the complementary

bit lines;

a pull down transistor coupled to the pass gate transistor

driven by the other complementary bit line;

wherein one of the pair of complementary data lines is

coupled to a node coupling the pull down transistor with
the pass gate transistor, wherein the one of the pair of
complementary data lines is isolated from the corre-
sponding complementary bit line by the pass gate tran-
sistor.



